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(54) PLL CIRCUIT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce adverse effects due to 
electromagnetic interference EMI by reducing EMI peak energy. 
SOLUTION: A loop filter LF that extracts a DC component and a low- 
frequency component from the output of a phase frequency comparator 
circuit provided for an input of a voltage-controlled oscillator VCO of 
this PLL circuit consists of resistors R1, R2 and a capacitor C. A 
control signal applied to the voltage-controlled oscillator VCO is 
changed by giving a fluctuation modulated signal, whose frequency is 
lower than that of a clock signal outputted from the voltage controlled 
oscillator VCO, to a node A so as cause a clock signal outputted by the 
voltage controlled oscillator VCO to fluctuate. Thus, the spectrum is 
spread and reduce the EMI peak energy is reduced. 
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2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the PLL circuit feeds back the signal acquired from this armature-voltage control oscillator circuit, 
and it was made to compare a reference signal with a phase in a phase frequency comparison circuit while 
oscillating the signal in the armature-voltage control oscillator circuit From the grand node of a loop filter 
circuit which extracts a dc component or a low frequency component from the output of said phase frequency 
comparison circuit established in the input of said armature-voltage control oscillator circuit The PLL circuit 
characterized by inputting a splash modulating signal with a frequency lower than the signal outputted from said 
armature-voltage control oscillator circuit. 

[Claim 2] The PLL circuit characterized by enabling it to use the signal of the frequency divider where a PLL 
circuit has said splash modulating signal from the first in a PLL circuit according to claim 1. 
[Claim 3] The PLL circuit characterized by supplying said splash modulating signal from the outside in a PLL 
circuit according to claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention gives fluctuation to the oscillation frequency of a voltage controlled 
oscillator (Voltage Controlled OscillatonVCO) by giving a modulated wave to the grand node of a loop filter 
(Loop Filter:LF), and relates to the PLL (Phase-lock Loop) circuit which can aim at distribution of an EMI 
(EMI:Electromagnetic Interference) spectrum. 
[0002] 

[Description of the Prior Art] In recent years, while semiconductor integrated circuits, such as a 
microprocessor, input the clock signal on the board which carries this, the internal circuitry is operating with 
the integral multiple of this clock signal, or the clock signal of one times the frequency of a fraction. The PLL 
circuit is used in order to generate the clock signal inside such a semiconductor integrated circuit from the 
clock signal supplied from the outside. 

[0003] The configuration and actuation of a fundamental PLL circuit, and an application are explained first. 
[0004] A block diagram shows the configuration of a PLL circuit fundamental to drawing 1 . 
[0005] If a power source is supplied to this PLL circuit, or if the signal which directs initiation of operation and 
which is not illustrated is inputted, this PLL circuit will start actuation. In that case, a voltage controlled 
oscillator VCO begins a self-propelled oscillation, and outputs a clock signal to 0UTCLK terminal, this clock 
signal OUTCLK — the counting-down circuit DIV (Divider) of the sign 7 for multiplying — a passage — 
feedback clock signal FBCLK — becoming . 

[0006] Clock signal REFCLK which serves as criteria of a frequency with clock signal FBCLK is also inputted 
into the phase frequency comparator PFD (Phase&Frequency Detector). The phase and frequency of these 
signals are compared in this phase frequency comparator PFD. By this comparison, the phase frequency 
comparator PFD detects the error of the phase and frequency between two clock signals. And the output of 
the amendment signal according to this error is inputted into the charge pump CP (Charge Pump) from the 
phase frequency comparator PFD. The charge pump CP outputs the amendment signal of the level (electrical 
potential difference) according to the input from the phase frequency comparator PFD. This charge pump CP 
changes into the signal of the level (electrical potential difference) according to an error the output of the 
phase frequency comparator PFD which is a pulse signal according to an error. 

[0007] Here, in the part of the phase frequency comparator PFD and the charge pump CP as shown with a sign 
5, the phase frequency comparison circuit which compares the phase and frequency of clock signal FBCLK 
which carried out dividing of the clock signal OUTCLK obtained from a voltage controlled oscillator VCO, and 
fed it back, and clock signal REFCLK of criteria is constituted. The signal which this phase frequency 
comparison circuit 5 outputs, i.e., the signal which the charge pump CP outputs, is a signal of the electrical 
potential difference according to the error of a phase and a frequency. 

[0008] Moreover, this signal is changed into DC signal (DC level) with a loop filter LF (Loop Filter), and turns 
into a control signal of a voltage controlled oscillator VCO. And with the level (electrical potential difference) of 
this control signal, a voltage controlled oscillator VCO changes an oscillation frequency. 
[0009] Furthermore, clock signal OUTCLK which a voltage controlled oscillator VCO outputs and which is 
controlled in this way is inputted into a counting-down circuit DIV, and this counting-down circuit DIV outputs 
clock signal FBCLK, and repeats above-mentioned processing. The phase of FBCLK and a frequency come to 
be in agreement with the thing of clock signal REFCLK with the repeat of actuation of this single string. 
[0010] 

[Problem(s) to be Solved by the Invention] When a current arises in a circuit, the electromagnetic wave 
depending on the current is radiated. In improvement in the speed of the latest clock frequency, the inclination 
which the degree in which other electronic equipment receives active jamming increases by the electromagnetic 
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wave radiated in this way is known, and it has been a big problem. 

[001 1] In the circuit which minces the clock of a fixed frequency especially, a sharp peak arises in the specific 
frequency of the frequency spectrum of the electromagnetic wave radiated. For this reason, the EMI energy 
which is easy to do an adverse effect becomes large, and it becomes easy to cause the active jamming to other 
devices. 

[0012] This invention was made so that it may solve said conventional trouble, and it aims at offering the PLL 

circuit which can reduce the adverse effect by EMI by reducing EMI peak energy 

[0013] 

[Means for Solving the Problem] In the PLL circuit this invention feeds back the signal acquired from this 
armature-voltage control oscillator circuit while oscillating a signal in an armature-voltage control oscillator 
circuit, and it was made to compare a reference signal with a phase in a phase frequency comparison circuit 
From the grand node of a loop filter circuit which extracts a dc component or a low frequency component from 
the output of said phase frequency comparison circuit established in the input of said armature-voltage control 
oscillator circuit Said technical problem is solved by having inputted the splash modulating signal with a 
frequency lower than the signal outputted from said armature-voltage control oscillator circuit. 
[0014] Moreover, in said PLL circuit, the number of the components needed in case this invention is applied can 
be reduced by having enabled it to use the signal of the frequency divider where a PLL circuit has said splash 
modulating signal from the first. 

[0015] Furthermore, in said PLL circuit, when the signal which can be used for a splash modulating signal is 
outside by having supplied said splash modulating signal from the outside, this signal can be utilized and the 
number of the components which are needed in case this invention is applied can be reduced. 
[0016] Hereafter, an operation of this invention is explained briefly. 

[0017] In this invention, while oscillating a signal in an armature-voltage control oscillator circuit, the signal 
acquired from this armature-voltage control oscillator circuit is fed back, and the description of the PLL circuit 
it was made to compare a reference signal with a phase in a phase frequency comparison circuit is observed. In 
this invention, a splash modulating signal with a frequency lower than the signal outputted from an armature- 
voltage control oscillator circuit is inputted from the grand node of a loop filter circuit which extracts a dc 
component or a low frequency component from the output of the phase frequency comparison circuit 
established in the input of an armature-voltage control oscillator circuit. That is, in this invention, the loop- 
formation filter circuit is used as an adder which adds a splash modulating signal to the output of a phase 
frequency comparison circuit. 

[0018] Thereby, a modulated wave is given to the grand node of a loop filter, by swaying the control signal of a 
voltage controlled oscillator, the dispatch frequency of a voltage controlled oscillator is distributed and the peak 
in the specific frequency of EMI energy is reduced. Thus, the adverse effect by EMI can be reduced by reducing 
EMI peak energy. 

[0019] The spectrum of the power of a clock signal includes many higher harmonics. If the frequency of the 
clock signal which a PLL circuit outputs by this invention is made to rock, as compared with the fundamental 
wave of this clock signal, the splash of the frequency will become large and the spectrum of power will be easy 
to be distributed in such a higher harmonic broadly. Therefore, in such a higher harmonic, EMI peak energy is 
reduced effectively and the adverse effect by EMI is also reduced effectively 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail using 
drawing. 

[0021] Drawing 2 is the circuit diagram of the important section in the PLL circuit of an operation gestalt where 
this invention was applied. 

[0022] The loop filter LF which is the application part of this invention in this operation gestalt is shown by this 
drawing. This loop filter LF functions as resistance R1 and R2 as a low pass filter which becomes settled in a 
time constant with Capacitor C. This operation gestalt shows the lug reed-type as a loop filter LF. However, 
the same effectiveness is acquired even if it uses the filter of other classes. 

[0023] If Node A is grounded in drawing 2 and it carries out like dra wing 3 , it will become equivalent to the loop 
filter LF of conventional drawing 1 . And if the thing of drawing 3 is used, the same actuation as the 
conventional PLL circuit will be carried out. Since Node A connects with Gland GND when operating it on a par 
with the former in this way so that clearly from drawing 3 , it will be called a grand node. 

[0024] The signal which is shown with the sign B of drawin g 2 between this Node A and Gland GND and which 
is called a splash modulating signal by this invention is inputted. This signal is a signal with a frequency lower 
than the signal outputted from a voltage controlled oscillator VCO. The PLL circuit itself occurs or this splash 
modulating signal is the modulated wave of predetermined frequency/amplitude generated externally. 
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[0025] Thus, if a splash modulating signal is given, according to the ratio of resistance R1 and R2, a splash 
modulating signal will be added to a signal from the charge pump CP, and a modulation will be added to the 
signal outputted to a voltage controlled oscillator VCO. The voltage ratio of the signal from the charge pump CP 
after addition and a splash modulating signal is {(R2/(R1+R2)) : (R1/(R1+R2))) mostly. Moreover, the dispatch 
frequency of a voltage controlled oscillator VCO can be changed by becoming irregular with a splash modulating 
signal in this way, and changing a control signal, and clock signal OUTCLK can be made to rock on the 
frequency of a splash modulating signal mostly. 

[0026] A PLL circuit is a feedback circuit which carries out feedback control of the oscillation frequency. For 
this reason, in response to feedback, circuit actuation acts in the direction which makes the frequency and 
phase of clock signal FBCLK in agreement with clock signal REFCLK. Such an operation will suppress the 
splash of clock signal OUTCLK by the splash modulating signal mentioned above. 

[0027] In order to reduce the operation which controls such a splash, it is necessary to make the constant of a 
loop filter LF heavy, to make actuation capacity of the charge pump CP small, and to weaken effectiveness of 
feedback. Thus, by reducing a feedback effect, the spectrum of clock signal OUTCLK which the oscillation 
frequency distributed is obtained. By this, since the oscillation frequency is distributing, it can prevent radiating 
the electromagnetic wave of a specific frequency strongly. 

[0028] In addition, in this invention, it does not limit especially about how a splash modulating signal is acquired. 
For example, this splash modulating signal may be supplied from the outside of a PLL circuit. Or this splash 
modulating signal may be generated inside a PLL circuit. When generating inside, like sign 7A of drawing 1 , a 
counting-down circuit DIV may newly be formed in the interior of a PLL circuit, this counting-down circuit DIV 
may generate a splash modulating signal, and a loop filter LF may be supplied. Or in order to carry out dividing 
of the clock signal by which dividing was already carried out with the counting-down circuit DIV of a sign 7 as 
still more nearly required, the counting-down circuit DIV formed like sign 7B may generate a splash modulating 
signal, and a loop filter LF may be supplied. 

[0029] Here, it is premised on acquiring the splash modulating signal of the same frequency from clock signal 
OUTCLK of the same frequency. In this premise, compared with the counting-down circuit DIV of sign 7A, only 
the part which also uses both the counting-down circuits DIV of a sign 7 has few dividing, and, as for the 
counting-down circuit DIV of sign 7B, an element number's decreases. 

[0030] In addition, especially the frequency of a splash modulating signal is not limited in this invention. This 
frequency can also be determined in consideration of the loop gain of the feedback control of clock signal 
OUTCLK in the whole PLL circuit. Moreover, especially the voltage ratio of the signal from the charge pump CP 
after addition by the depth of modulation LF by this splash modulating signal, i.e., a loop filter, and a splash 
modulating signal is not limited. In addition, in this operation gestalt, when the frequency of a splash modulating 
signal is made into (1/1000) of the frequencies of clock signal OUTCLK, it is checked that the good 
effectiveness of reduction of the adverse effect by EMI is acquired. 
[0031] Drawing 4 is a graph which shows the spectrum of clock signal OUTCLK. 

[0032] In this drawing, an axis of abscissa shows the normalized frequency which sets the target oscillation 
frequency of clock signal OUTCLK to 1. The spectrum of this operation gestalt which used the thing of drawing 
2 and with which this invention was applied is shown to the loop filter LF of the PLL circuit of drawing 1 by the 
alternate long and short dash line. The spectrum of the example of a comparison to this operation gestalt which 
used the thing of drawing 3 for the loop filter LF of the PLL circuit of drawing 1 is shown by the two— dot chain 
line. In addition, an axis of ordinate is the power of a signal which normalized the peak of the spectrum in this 
example of a comparison as 1. 

[0033] With this operation gestalt, the peak power of a spectrum is below (1/3) to the example of a comparison 
so that clearly from this drawing. Thus, with this operation gestalt, this invention is effectively applicable. 
Therefore, the adverse effect by EMI can be reduced by reducing EMI peak energy. 
[0034] 

[Effect of the Invention] According to this invention, the adverse effect by EMI can be reduced by reducing EMI 
peak energy. First the EMI peak energy radiated from the PLL circuit concerned itself at the time of stationary 
actuation of a PLL circuit can be reduced. Furthermore, since this PLL circuit is the supply source of the clock 
signal used in many circuits, the clock frequency of the signal of each part is also rocked and the spectrum of 
the power of these signals is distributed in other circuits which operate with the clock signal of this PLL circuit, 
reduction of the EMI energy of the whole system is achieved effectively. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of a fundamental PLL circuit 

[Drawing 2] The circuit diagram of the loop filter of the important section in the PLL circuit of an operation 
gestalt where this invention was applied 

[Drawing ^] The circuit diagram of the example of a comparison of the above-mentioned loop filter 

[Drawing 4] The graph which shows the spectrum of the clock signal which the PLL circuit of said operation 

gestalt outputs 

[Description of Notations] 

5 — Phase frequency comparison circuit 

PFD — Phase frequency comparator 

CP — Charge pump 

LF — Loop filter 

VCO — Voltage controlled oscillator 
DIV — Counting-down circuit 
R1, R2 — Resistance 
C — Capacitor 
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